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Adequate understanding of the extreme thermal condition is as important as that of the averages for
planners and policy makers. A signiﬁcant knowledge gap exists in the physiologic comfort in many
developing countries, particularly in the tropical region where thermal stress can pose signiﬁcant threat
to life because of inadequate infrastructure. This study examines the hourly variations in the physiologic
comfort of Nigeria using the effective temperature, temperature–humidity and relative strain indices
(ETI, THI and RSI, respectively). It also examines the perceptions of a selected sample of Nigerians, and
their coping strategies to extreme conditions of cold and heat stress. The results showed that physiologic
comfort in Nigeria exhibits variations across the different latitudinal locations; shows seasonal variations
and is affected by local geography. Perception of the comfortable climate exhibits variation based on the
latitudinal location of the respondents but the coping strategies vary with the wealth of individuals. The
study showed that physiologic discomfort is severe in many parts of Nigeria (especially in the climate
regions outside the montane climate) but the infrastructure to cope with the thermal stress is either
poorly known or unaffordable for the majority of the people.
& 2015 The Author. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
1.1. Background
Physiologic climatology is the aspect of the study of climate that
deals with the direct effects of climatic elements, patterns on the
physiologic behaviour of man and other warm blooded animals
(Lee, 1953). It has also been deﬁned as the classiﬁcation or re-
gionalisation of climatic environments based on measurable hu-
man psychological and physiologic reactions (Terjung, 1967). Phy-
siologic climate is usually computed by the use of individual heat
related elements of climate such as air temperature, relative hu-
midity, radiant energy and wind, and by coupling at least two of
the elements of climate as indices of physiologic comfort. Eludoyin
and Adelekan (2013) and Eludoyin et al. (2013) reviewed a detailed
list of the popular indices of physiologic comfort, and argued that
three of them; the temperature–relative humidity index (THI), ef-
fective temperature index (ETI) and relative strain index (RSI) are
commonly applied to the tropical climate. The three indices can,
however, provide relatively different interpretations in large areas,
where climate are not known to be homogenous, when their an-
nual and seasonal patterns were investigated (Eludoyin et al.,
2013). The relative disparity in models interpretations can cause.V. This is an open access article uproblems while making important decisions on climate-related
health warning system for regions with spatially heterogeneous
climate systems, especially when such decisions are informed from
single model-based experiments.
Information on physiologic comfort of an area can be useful for
regional planning for warning systems in areas that are vulnerable
to climate-related sickness, thermal stress and for planning for
migration, tourism and building (Parish and Putnam, 1977; Jaur-
egui, 1997; McMichael and Kovats, 2000; Jonsson, 2004; McMi-
chael et al., 2006). For example, the Harmattan period is known to
be associated with dry skin, heat stress, red eyes and respiratory
diseases due to prevalence of the Sahara desert-sourced dusts in
Nigeria (Adefolalu, 1985). The rainy or wet season on the other
hand is often associated with water-based diseases, especially in
the southern Nigeria while heat-related sicknesses such as me-
ningitis prevails in the northern and the middle belt part of Nigeria
in the dry season (e.g. Sawa and Buhari, 2011). Physiologic climate
has also become of global concern because of the current concerns
for the effects of extreme climate and increased urbanisation in
most countries, especially in the developing countries where
health and welfare infrastructure is not sufﬁcient to cope with
reported cases of climate-related morbidity and mortality (Jaur-
egui, 1993; Wolkoff and Kjaergaard, 2007; Lin et al., 2011; Le Treut
et al., 2007; Boko et al., 2007; Ostro et al., 2011; White-Newsome
et al., 2011).nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. Nigeria in Africa, and the seasonal direction of the air masses and the Inter-Tropical Convergence Zone that determine the season in the region.
Table 1
Some information about the human geography of Nigeria (Eludoyin et al. 2013).
Variables Explanation Rate
Landuse Deforestation 4000 km2/year3
Reforestation 10 km2/year
Forested area (2008) 10.8%
Urban Population Annual growth 3.8%
Urban population in 2004,
2010
45%, 48.9%
Rural population Annual growth 1.8%
Total population Population density in 2004,
2009
137.6, 167.5 persons/
km
Annual growth 2.5%
Total fossil fuels
emission
1951 460,000 metric tons
1980 18,586,000 metric
tons
2008 26,113,000 metric tons
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Previous studies on the physiologic climate of Nigeria have in-
volved relatively long-term data (1951–2009) and the variations in
1951–1980 and 1981–2009 periods (Ayoade, 1978; Olaniran, 1982;
Eludoyin et al., 2013; Eludoyin and Adelekan, 2013; Eludoyin,
2013). Climate, on the other hand, has been argued to include not
only the averaged weather conditions over a period of time, but
also short term extreme weather and climate conditions as well
the spatial and temporal variability and change (Ologunorisa,
2011). A review of the existing studies on the physiologic climate in
Nigeria showed that little or no information exists on the diurnal
patterns of the physiologic climate in Nigeria (Eludoyin, 2013;
Eludoyin and Adelekan, 2013). Furthermore, studies (e.g. Ayoade,
1978; Olaniran, 1982) recognised the importance of using multiple
indices to interpret the physiologic comfort in large regions in the
tropics because of their heterogeneous climate, and the approach
has been adopted in previous studies where air temperature, re-
lative humidity, THI, ETI and RSI have been investigated for their
monthly and annual variations for a relatively long (1951–2009)
term. Thermal stresses (cold and heat) are a measure of climate
extremes that can also be useful in the assessment of variations or
change in climate. The cold stress can be deﬁned as an extreme
climate condition that is less than the physiologically comfortable
condition (e.g. when ETI, THI and RSI is less than 18.9 °C, 15 °C or
0.1, respectively) while the heat stress condition is a measure well
above the physiologic comfort level (e.g. when the ETI, THI and RSI
is greater than 25.6 °C, 24 °C or 0.2, respectively). Vulnerability to
both heat and cold stress has been shown in the literature to be
linked with signiﬁcant morbidity and mortality consequences
(Miller, 1952; Adefolalu, 1985; Bypass, 2009).
1.3. Study focus and objectives
This study involves an investigation of the hourly patterns of
the THI, ETI and RSI in Nigeria in two different years (1971 and
2001). Studies, such as Romero et al. (1998), Tank et al. (2002), and
Le Treut et al. (2007) have shown that most days in 2001 were
warmer than those in 1971 as a result of increased urbanisation
and general global temperature increase. When the global tem-
perature trend for 1900–2005 (Le Treut et al., 2007) was examined,
the year 1971 showed about 2 °C as mean decrease in tempera-
ture while in 2001, the mean temperature increased by about 4 °C.
The study also investigates the perceptions of a sample of Nigerianson physiologic comfort and coping strategies.2. Materials and methods
2.1. Study area
The study area, Nigeria, lies between 4–14°N and 3–15°E in the
southeastern edge of the West African region with about
923,800 km2 land area or about 14% of West Africa. Nigeria is
characterized by two main seasons: dry and rainy seasons. The dry
season is accompanied by a dust-laden wind from the Sahara de-
sert, known as Harmattan, which is brought by the Tropical Con-
tinental (cT) air mass, while the rainy season is heavily inﬂuenced
by the Tropical Maritime (mT) from the Atlantic Ocean (Fig. 1).
The local climate in the north central region may also be more
inﬂuenced by the high elevation in the region than the south. The
climate of Nigeria can be classiﬁed into (a) tropical rainforest eco-
climate, (b) tropical savanna eco-climate and (c) highland climate
or montane climate. The tropical rainforest eco-climate, which
Fig. 2. Map of Nigeria showing the locations of meteorological stations.
Fig. 3. Map of Nigeria showing locations where questionnaire were administered.
O.M. Eludoyin / Weather and Climate Extremes 10 (2015) 70–8472characterises the southern region is sub-grouped into the tropical
wet and tropical wet and dry climates as mapped by Dada et al.
(2008). It is characterized by small temperature range, throughout
the year, and usually convectional storms, as a result of itsproximity to the equatorial climate. The tropical savanna eco-cli-
mate comprises the Guinea, Sudan and Sahel savanna, and char-
acterizes most of the central and northern regions. The Guinea belt
occupies the limits of tropical rainforest climate, and extends to the
Fig. 4. Mean hourly patterns of physiologic comfort in Nigeria for 1971 and 2001 (Note: Data was not available for most stations at 1200 LST in 2001, and was therefore not
mapped for the period).
O.M. Eludoyin / Weather and Climate Extremes 10 (2015) 70–84 73central part while the northern fringe is occupied by the tropical
(Sudan) savanna climate. The north-eastern fringes exhibit the
Sahelian climate. The tropical savanna climate exhibits a well-
marked single peak rainy season and a dry season. Mean tem-
perature in this region exceeds 18 °C throughout the year, and the
dry season, which usually occurs from December to March, is hot
and dry with the Harmattan wind, prevailing throughout this
period. ‘Highland climate’ (Ileoje, 2001) or montane climate is
experienced on highlands regions in Nigeria. Highlands with
montane climate in Nigeria exceed 1520 m above sea level. Because
of their location in the tropics, this elevation provides the settle-
ments on the mountains and the plateau regions standing above
this height, a cool montane climate.
The Nigerian population is estimated to grow annually at 2.5%;
while the urban population grows by 3.8%, the rural population isprojected to increase by 1.8% (Eludoyin et al., 2013). Some other
information on the study area is provided in Table 1.
2.2. Data types and sources
Two sets (records of air temperature and relative humidity
which were obtained from the Meteorological Agency (NIMET),
Lagos, Nigeria, and perceptions of residents of selected institutions
in Nigeria obtained through the use of questionnaire) of data were
used for the study. Hourly (0600, 0900, 1200, 1500 and 2100 Local
Standard Time) ETI, THI and RSI were derived from the tempera-
ture and relative humidity records for March 1, July 25 and De-
cember 24 (representing the dry season, wet season and Harmat-
tan) in 1971 and 2001 at 20 stations (Fig. 2).
The choice of these dates were informed by previous studies
Table 2
Some attributes of the respondents to questionnaire on perception.
Variables Response alternatives Frequency Percentage
Age (years) o18 79 2.2
18–30 1588 44.1
31–60 1498 41.6
460 155 4.3
No response 280 7.8
Height o1.5 m 695 19.3
1.5–1.79 m 2286 63.5
Z1.8 m 349 9.7
No response 270 7.5
Weight (kg) o40 144 4
40–60 1300 36.1
61–80 1573 43.7
480 302 8.4
No response 281 7.8
Sex Male 2146 59.6
Female 1375 38.2
No response 79 2.2
Region of origin Tropical wet 900 25
Tropical wet and dry 900 25
Guinea savanna 900 25
Sudano-sahelian
savanna
900 25
Length of residence (years) o5 933 26.9
5–10 864 24
11–15 569 15.8
16-20 479 13.3
420 504 14
No response 251 6
Educational qualiﬁcation None 15 0.8
Primary School 328 9.1
Secondary and
technical
796 22.2
Tertiary 2430 67.5
No response 31 0.4
Occupation Self-employed 1246 34.6
Civil servant 1008 28
Private organisation 731 20.3
NGO 122 3.4
Others 436 12.1
No response 57 1.6
Annual income (in million
N)
o0.5 1872 54
0.5–1.5 1105 34.7
41.5 400 11.3
No response 223 6.2
Total copies of questionnaire 3600 100
O.M. Eludoyin / Weather and Climate Extremes 10 (2015) 70–8474which showed that most days in 2001 were warmer than those in
1971 as a result of increased urbanisation and general global
temperature increase (Romero et al., 1998; Tank et al., 2002; Le
Treut et al., 2007). The global temperature model scenario created
at the University of East Anglia (Le Treut et al., 2007) also showed
that 1971 exhibited the lowest mean deviation from the mean
global annual temperature (2 °C) while the highest temperature
increase (þ4 °C) between 1900 and 2005 deviation occurred in
2001. Justiﬁcations for temperature increase in 2001 than 1971 has
also been attributed to globally increased urbanisation, population(Chung et al., 2004; Le Treut et al., 2007), emission of greenhouse
gases and increased sea surface temperature (Travis et al., 2002).
Selected days (March 1, July 25 and December 24) were the mid-
periods of the different seasons in the year, and are considered to
be representatives of the seasons. The 20 stations were selected to
represent the different subclimate types (tropical wet (TW), tro-
pical wet and dry (TWD), guinea savanna (GS), sudan savanna,
sahel savanna and montane).
The perception of Nigerians on physiologic climate was assessed
by administering a set questionnaire to about 200 randomly
Fig. 5. Patterns of the daytime hourly ETI, THI and RSI over Nigeria in March, July and December 1971 and 2001.
O.M. Eludoyin / Weather and Climate Extremes 10 (2015) 70–84 75selected workers from each of purposively selected 18 tertiary
(University, Polytechnic, or College of Education) locations in Ni-
geria (Fig. 3) to elicit information on the physiologic comfort levels
based on their workplace (ofﬁces) and residence (in terms of the
coping strategies) in the area of study. Crocombe and Malama
(1989) argued that the responses from a tertiary institution could
sometimes be stronger than that of a community, probably because
those in schools are likely to be more conscious and inquisitive
than others within the entire community.
The purposively selected locations used in this study were
therefore the tertiary institutions at the locations as advised ex-
empliﬁed by Alessandro and de Garín (2003) and Aggelakoudis and
Athanasiou (2005), among others. To determine the sampled po-
pulation the Slovin’s formula (Eq. (1a)) was applied.
N
Ne
Sample population
1 1a2
=
+ ( )
N etotal targeted population, confidence level 0.05 for 95%=     =   ( )
For example, for a population of 500; sample population was
estimated as
Sample population was estimated as in Eq. (1b):
500
1 500 0.05
222
1b
2( )+ × = ( )
Most of the respondents who thought could ﬁll the ques-
tionnaire by themselves returned an incomplete form, which could
not be used for the study, hence only 200 copies of the distributed
questionnaire which were completely ﬁlled at each institution
were analysed. Sample populations were both indoor and outdoor
workers. Indoor workers are generally those who work in ofﬁces,
including randomly selected academic and non-academic (ad-
ministrative). These constitute 25% each of the total sample po-
pulation (25% each of academic and administrative staff) while the
remaining 50% of the sample population were outdoor workers
(25% as those who stay under relatively ‘permanent’ shields such as
blocks of buildings – for example those who provide photocopies
and computer services – and ‘kitchenettes’ of Institution’s accom-
modation facilities, where available, and markets). Other 25% were
made up of workers with temporary or no shields, such as those
who sell recharge cards, make phone calls, and provide photo-
graphy services under tree shades. Variables such as, socio-economic characteristics of respondents, length of stay in the
community, perception on physiologic comfort climate conditions,
effects of stressful climate and coping strategies, among others,
were major questions raised in the questionnaire (see Appendix A).
Some demographic, social and economic characteristics of the
sampled respondents are shown in Table 2.
Almost 60% of the respondents worked indoor while 40% worked
outdoor. Most of the respondents were adults between the ages of 18
and 60 years, who worked either on full or part time basis at the
sample locations. The 18–60 years age group makes up the most
productive set of the population. More than 70% of the respondents
had lived in the sample location for at least 5 years and this gives the
group an advantage of fair understanding of the climate of the
sample location. More than 99% of the respondents had attained at
least primary education status, suggesting that they would easily
understand the content of the questionnaire and its purpose and not
less than 40% of the workers claimed to make a minimum of ﬁve
hundred thousand (500,000 Naira) per annum; an equivalent of
about US$9 per day as at the time of the research. The questionnaire
survey was carried out between March and November 2010.3. Data analysis and statistical methods
The physiologic indices were determined using Eqs. (2)–(4)
T
HT
THI 0.8
500
, 2= + ( )
⎛
⎝⎜
⎞
⎠⎟T T
H
ETI 0.4 10 1
100
,
3
= − ( − ) −
( )
T
HV
RSI
10.7 0.74 35
44 0.0075 4
=[ + ( − )]
− ( )
where T is the mean temperature of the air (°C), H is the relative
humidity (%), V is the saturation vapour pressure (in hPA), and is
estimated as V 6. 11 10
T
T
7.5
237.7= × + .
An area is classiﬁed as physiologically comfortable if its atmo-
spheric condition is characterised by ETI values of 18.9–25.6 °C or THI
values of 15–24 °C or RSI values of 0.1–0.2 (ratio, no unit). Cold stress
occurs at values below the minimum while the maximum threshold
marks the beginning of a heat stress condition (Nieuwolt, 1977;
O.M. Eludoyin / Weather and Climate Extremes 10 (2015) 70–8476Ayoade, 1978; Olaniran, 1982; Kyle, 1994; Unger, 1999; Alessandro
and de Garín, 2003; Ogbonna and Harris, 2008).
Responses to the questionnaire were coded into the Statistical
Package for Social Scientists (SPSS, IBM Version 22), and were
analysed by descriptive statistics, mainly percentage frequency
distributions of the decision on preferences and rejection from
simple majority counts. Variations in responses and climate data
(temperature, relative humidity, ETI, THI and RSI) were estimated
using analysis of variance (ANOVA) and regression analyses. De-
scriptive mapping using the geographic information systems (GIS)
was used to show the spatial and temporal variations of the vari-
ables (temperature, relative humidity, ETI, THI and RSI) in-
vestigated in this study. The mean hourly maps for the selected
years were drawn with the Integrated Land and Water Information
System (ILWIS version 3.3) while the daytime hourly maps were
plotted using the SURFER (for Windows, 8 version) software.
Using ILWIS, a map of Nigeria, showing the ecological regions
was converted to digital format when it was scanned (in .jpeg
format), and subsequently imported to ILWIS environment for use.
The image was georeferenced using known locations whose co-
ordinates (x, y) are already known. A georeference deﬁnes the re-
lation between rows and columns in a raster map and XY-co-
ordinates, in a coordinate system which may contain projection
information (ILWIS Help). Each map theme was subsequently cre-
ated from the georeferenced map by on-screen digitising (for
segment and polygon or area objects) and add point menu (for
stations whose coordinates are known, and values). The value
maps were interpolated or gridded to produce a raster map, whose
value (for each pixel) are calculated (by the software) for each by
the weighted average of the input values of the surrounding pixel.
This was achieved for different themes of scenarios for the vari-
ables, in terms of their means. Each map was thereafter added
(‘overlay’) by digitised shape of the national boundary. The SURFER
software accept data input (coordinates (x, y) of meteorological
stations and corresponding values of a comfort index) into the
Microsoft Excel software to be interpolated after conversion into
grids. Colours were given to depict the different classes of phy-
siologic comfort. Interpolation was achieved in both software with
moving average statistic. In statistics, a moving average is a cal-
culation to analyse data points by creating a series of averages of
different subsets of the full data set (Carver and Nash, 2005).4. Results
4.1. Mean physiologic comfort in 1971 and 2001
The mean hourly distributions of the mean THI, ETI and RSI over
for 1971 and 2001 showed that almost all parts of Nigeria (except
the Jos area) exhibited heat stress condition at 1500 LST (Fig. 4).
Heat stress condition based on the THI results started earlier
(0900 LST) in most part of Nigeria that either ETI or RSI. The THI
results also exhibited thermal stress at few locations including
Calabar and Benin (in the tropical wet and dry climate) and Lokoja
and Bida (in the guinea savanna region) at 2100 LST while both ETI
and RSI showed evidence of cold stress in the northern region at
this time. The RSI results showed that Nigerian physiologic climate
at 0600 LST was characterised by cold stress, while the ETI results
showed that only the north central and north eastern region ex-
hibited cold stress condition at 0600 LST.
4.2. Case study analysis of selected days and variations across
latitudes
When the physiologic climate patterns were compared across
latitudes for selected days (March, July and December asrepresentatives of the dry and rainy seasons, and Harmattan, re-
spectively), variations also occurred in physiologic comfort exhibits
latitudinal and temporal variations (Fig. 5a–c).
In March 1971, latitudes 4–7°N showed more daytime physiologic
comfort than the latitudes above 7°N. Latitudes 10–12°N exhibited
conditions of thermal stress than the lower latitudes in this period
based on the THI results. The ETI results in July exhibited contrasting
results with those of THI and RSI. While the ETI showed 7–12°N to
exhibit cold stress for most of the day (0600–1200, 1400–1600 and
1900–2100), THI showed that the latitudes below 7°N were subjected
to heat stress for most hours between 0600 and 2100 LST with
pockets of cold stress condition between 8 and 12°N. The RSI on the
other hand, showed that the region below 7°N was subjected to a mix
of cold and heat stresses while other region was under cold stress for
most parts. In December, while the THI showed 1000–1600 LST to be
under heat stress condition, the ETI showed region above 7°N ex-
perienced cold stress in the morning time (0600–1000 LST) and night-
time (1900–2100 LST). The December physiologic condition by RSI
showed most daytime to be physiologically uncomfortable, and the
condition was more severe at 9–11°N. Comparison between 1971 and
2001 physiologic comfort conditions from the ETI, THI and RSI showed
increased general increase in heat intensity and stress and decrease in
cold stress in most part of the study area.
4.3. Case study analysis of selected locations
The monthly variation of selected stations from the different
zone showed that the pattern of physiologic comfort exhibited
monthly and seasonal variations (Fig. 6a and b).
The results of ETI and RSI were similar, and therefore only ETI and
THI are presented. In both ETI and THI, Lokoja, the representative of
the guinea savanna, which is also a conﬂuence town, showed most
daytime hours of heat stress while Jos exhibited the least thermal
stress condition, and basically the cold stress. Both representatives of
the rainforest region (Calabar and Benin) exhibited physiologic
comfort in most part of the rainy season (June–October) except be-
tween 1200 and 1700 LST, while the dry season, Harmattan and the
onset of the rainy season (November–April) heat stress for about 8 h
(1000–1700 LST). The representative of the guinea savanna (Lokoja)
showed at least 7 h (1100–1700 LST) of heat stress, throughout the
year, and night-time cold stress in December. The Harmattan period
(November–January) was also characterised by morning and night-
time cold stress, and February–October daytime (1000–1700 LST)
heat stress in the sudan savanna. Jos, the representative of the
montane climate, exhibited contrasting physiologic climate from that
of other climate in Nigeria. The THI results showed that Jos only about
4 h-period of heat stress between February and April. Both the ETI
and RSI results showed that Jos is also characterised by signiﬁcant
range of cold stress, in the daytime.
4.4. Human perception of physiologic comfort in Nigeria and coping
strategies
The comparative frequencies of responses on the description of
the dry and rainy season, and the Harmattan period in Nigeria are
represented in Fig. 7.
The overall percentage interpretation of the responses showed
that different interpretations were given for the prevailing atmo-
spheric conditions in Nigeria by the respondents, both within the
2°N latitude and the overall assessment of respondents at different
latitudes. Most respondents however classiﬁed the dry season as
thermally warm, the rainy season as cold (at 4–8°N and 10–12°N)
or cool (8–10°N and 12–14°N), and Harmattan as cold. The rainy
season was perceived differently by the majority of the re-
spondents at different latitudes, however. At 8–10°N, majority of
the respondents perceived the rainy season as cool, and majority of
Fig. 6. Representative pattern of physiologic comfort in Nigeria based on ETI (a) and THI (b).
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ab
c
Fig. 7. Perception on physiologic climate in Nigeria.
Table 3
Dominant perception of physiologic comfort and corresponding values of effective temperature index (ETI), temperature–humidity index (THI) and relative strain index (RSI)
in Nigeria.
Season of the year Perception across latitudes Corresponding comfort indices (mean7standard deviation)
4–6°N 6–8°N 8–10°N 10–12°N 12–14°N ETI (°C) THI (°C) RSI (no unit)
Dry season (November–March) Hot Hot Hot Hot Hot 23.572.6 24.272.5 0.1670.07
Rainy season (April–October) Cold–cool Cold–cool Cold–cool Cold–cool Cool–slightly cool 25.0271.3 25.471.5 0.1870.05
Harmattan (December–February) Cold Cold Cold–cool Cold–cool Cold–cool 22.373.2 22.873.2 0.1270.8
O.M. Eludoyin / Weather and Climate Extremes 10 (2015) 70–8478the respondents of the respondents perceived the season as cool or
slightly cool. When compared based on number of responses, the
perceptions of people across latitudes were not signiﬁcantlydifferent across season, however (Table 3). Table 3 also contains the
average values of the investigated comfort indices at respective
corresponding season from the average 1951–2009 data.
Fig. 8. Perception on coping strategies to physiologic stress in Nigeria.
O.M. Eludoyin / Weather and Climate Extremes 10 (2015) 70–84 79The coping strategies based on the perceptions of the re-
spondents included the use of certain climate-customised clothing
materials or change in mode of dressing, especially for outdoor and
indoor conveniences (Fig. 8).
The respondents changed from light dress with their limbs
uncovered during the hot weather, to the use of thick dresses (and
sometimes with limbs covered). Thermal stress ofﬁces and re-
sidential buildings are ﬁtted with air conditioners where people
can afford to use them, and the fact that more respondents prefer
to install them showed that some people could not afford to have
them (Fig. 8). The people that cannot afford to install the air con-
ditioners found purchasing, maintaining, servicing or acquiring the
supporting infrastructure such energy probably too expensive. Thecategory of disadvantaged people in the Nigerian society is usually
the low income earners, and they are the most vulnerable people
to the effect of extreme climate.5. Discussion
The objectives of this study were to examine the hourly variations
in the physiologic weather condition and the perception of physio-
logic climate in Nigeria. Data used were the 1971 and 2001 relative
humidity and air temperature of Nigeria, and a set of 3600 ad-
ministered questionnaire. This study showed that the hourly phy-
siologic climate of Nigeria exhibited spatial and temporal variations.
O.M. Eludoyin / Weather and Climate Extremes 10 (2015) 70–8480The results of this study have shown at least three important ﬁnd-
ings. The ﬁrst is that the three physiological indices investigated ex-
hibited variation which can make thermal condition of Nigeria based
on a single thermal index less reliable, based on the associated un-
certainties. The uncertainties of single-index approach to examining
physiologic stress were however not highlighted in most previous
studies of large regions (such as Gregorczuk and Cena (1967) on the
entire world, Ayoade (1978) on Nigeria and Alessandro and de Garín
(2003) on Argentina). On the contrary, studies such as Olaniran
(1982) on a city (Ilorin) in Nigeria, Unger (1999) on Szeged, Hungary,
and Iordache and Cebuc (2009) on Bulgaria adopted more than one
thermal index to access their contrast and similarities before arriving
at a concluding model. Previous studies (e.g. Eludoyin et al., 2013)
have also showed that ETI, THI and RSI exhibited different relation-
ship with same records the mean air temperature and relative hu-
midity. Recent studies are stressing the need for emphasising un-
certainties in scientiﬁc methodologies than they used to be noted
(e.g. Beven, 2006). The results of this study showed that while the RSI
and THI results appeared to provide more veriﬁable results for the
northern region, the ETI results were closer to the perception of the
people in the rainforest region.
The results of the daytime hourly physiologic comfort showed
that the period between 1200 and 1500 LST was the most ther-
mally stressful in Nigeria. This is typical of the tropical region
where the sun is known to be directly overhead at noon before the
heat accumulates and peaks shortly after. Samendra and Ayesha
(1994) on a study of another tropical city, Dhaka, Bangladesh, also
showed that temperatures and heat conditions usually peak at
1500 h of the day, and more people usually feel uncomfortable
around this hour than other hours of the day. Other studies (such
as Runnals and Oke, 2000) also showed that maximum heat con-
dition occurred in the afternoon, and that ‘best physiologic climate’
occurs in the morning and night. The night-time physiologic cli-
mate was not determined in this study because of data unavail-
ability. Notwithstanding, studies (such Samuels, 2004) have de-
scribed the night-time to be capable of exhibiting the low thermal
condition. A close observation from this study shows that the be-
fore 0600 and after 2100 LST exhibited cold stress, particularly in
the Harmattan (December). The 2001 patterns suggest that more
seasonal shift in the thermal stress; more area experienced ther-
mal stress in July and December than in March. Earlier study of the
average (Eludoyin et al., 2013) suggested a signiﬁcant change in the
1951–1980 and 1981–2009 for the study area but was not speciﬁc
about the months, and study on the Nigerian rainfall has suggested
a decreasing trend in the mean annual rainfall and rainy days at
most stations (Odekunle and Adeejuwon 2007; Odekunle, 2010).
Based on the assertion of Ogbonna and Harris (2008) that in-
vestigations across different climatic zones are essential for mi-
croclimatic inﬂuence, the selected stations for case study analysis
exhibited the effect of the local geography in the study area. For
example, the effect of the high relief in Jos was probably the reason
for the low thermal stress in the area for most of the year. The
relatively high relative humidity and air temperature in the
southern Nigeria (Eludoyin et al., 2013) would probably explain the
greater period of heat stress condition there, since studies have
shown that region that exhibit both high humidity and air tem-
perature are at risk of thermal stress (Lee, 1953; Terjung, 1967).
The study on the perception of selected respondents shows
differences across the different latitudinal locations of respondents.
Sewel et al. (1968) had noted that variations in the perceptions of
individuals to physiologic condition depend on many factors, in-
cluding the ability to adjust to climate variations, body building,
health and psychological conditions of the respondents. In this
study, an assessment of the perceptions of people across latitudes
in each season indicated that the perception was rather largely
affected by changes in air temperature than differences in latitude.This is because the seasonal perception of majority of the re-
spondents was not signiﬁcantly different for each season. Adapt-
ability, as well as perception also depends on personal experience,
and available infrastructure against thermal discomfort (Liu et al.,
2007; Agboola, 2011; Ogbonna and Harris, 2008). In this study, the
rainy season (June–October) was perceived as ‘thermally cold’, re-
quiring some wear adjustments, in the southern region and part of
latitude 10–12°N while majority in the northern region perceived
same season to be ‘cool’ and a preferred condition, except in ex-
treme cases.
The dry season was considered to be thermally ‘hot’, requiring
major changes in the lifestyle and other livelihoods. The Harmattan
was also considered as too vary from cold to cool (cold for most
people between 4 and 8°N), and rainy season varied between cold
and cool condition (cool to slightly cool for most people between
12 and 14°N). A study of Calabar in the southern region by Ade-
folalu (1985) associated the dry season and Harmattan period with
skin problems and other health issues. Miller (1952) also showed
that the dry season and Harmattan in Nigeria are linked with
physiologic comfort.
The coping strategies against thermal discomfort in Nigeria are
related to the seasonal nature of the climate. They are however
limited to changing clothing materials, wears adjustment and for
few that can afford it, the indoor use of fan or air conditioner. There
is however no futuristic plan for extreme climate conditions and
the use of carbon polluting energy-generating system or supports
that are common in Nigeria can pose risks to the global climate
system, due to bioaccumulation. Signiﬁcant effect of thermal stress
has been noted in parts of Nigeria, including Zaria and Bauchi
where many cases of outbreak of heat-caused meningitis and
measles have been reported (Sawa and Buhari, 2011).6. Conclusions
The hourly patterns of variations in the daytime thermal com-
fort in 1971 and 2001, as well as the perception of some residents
in Nigeria have been evaluated. The results showed that the phy-
siologic comfort in Nigeria exhibit spatial and temporal variations,
and so is the perceptions of the people living in the study area.
Selected stations for examinations exhibited inﬂuence of their local
geography, especially the montane climate. Peak thermal or phy-
siologic stress occurred between 1200 and 1500 LST but there was
no data to investigate the night-time physiologic conditions. The
1971 thermal condition exhibited variation from the 2001 condi-
tion, especially in the selected day for July and December.
Furthermore, the perceptions of the respondents on the thermal
comfort did not however vary signiﬁcantly with variations in latitu-
dinal locations. This may be attributed to the multicultural and
multiracial content of the selected tertiary institutions used for the
study. The perception of indigenous people may therefore warrants
investigation before a conclusion can be reached on the perception
study. People used in this study were however residents that have
spent at least 2 years before the date of the questionnaire adminis-
tration, hence no information about the perception of ﬁrst-time im-
migrants into Nigeria was considered. Nonetheless, this study
showed that approaches to coping with severe climate problem in
Nigeria are still individualised and limited to yet to be developed
personal indigenous knowledge. People can however be protected
from the effects of climate extremes and thermal discomfort if there
is proper education or awareness, sound health infrastructure and
improved electricity generating systems. This study on the hourly
patterns of the physiologic comfort is preliminary, and further study
will involve the use of more recent data, once they are available.
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